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ENHANCED SUPERCHARGING SYSTEM
AND AN INTERNAL COMBUSTION ENGINE
HAVING SUCH A SYSTEM

FIELD OF INVENTION

The present invention refers to a new, enhanced super-
charging system for an internal combustion engine, and also
to an internal combustion engine having such a system.

BACKGROUND OF THE INVENTION

Today there 1s a strong development going on in automo-
tive industry 1 order to find systems for decreasing over all
fuel consumption. There are many techmical areas, which
together make up for a good result.

One good way of improving internal combustion engine
elficiency 1s to use some kind of supercharging device to
increase intake manifold pressure 1in order to decrease the
internal pumping losses. This 1n turn leads to decreased tuel
consumption. It also makes 1t possible to downsize the engine
without interfering with vehicle performance requirements.

There are several different supercharging devices available
but they can all be sorted to one of the following types:

From a vehicle drive shaft, such as for instance a crank-

shaft, mechanical driven superchargers

Exhaust driven turbo superchargers

Electrical motor driven superchargers

In some applications more than one supercharging device
may be used at the same engine.

JP published patent application No 2000-230427 refers to
an internal combustion engine with a supercharger, which via
a clutch adapted to connect and disconnect the engine and the
supercharger.

WO 2004/025097 A1 discloses a method for operating an
internal combustion engine having a turbocharger with a
separate compressor driven via a belt-drive from the engine
crankshait, said compressor being connected to the inlet of
the turbocharger for increasing the pressure of the intake air
delivered to the turbocharger This means that the losses
increase due to additional pressurized conduits between the
separate compressor and the turbocharger, and also increased
mechanical compressor losses at high motor speeds.

Purpose of the Invention

The purpose of the present invention 1s to combine all these
different propulsion modes 1nto one supercharging device 1n
order to make benefit of the different properties associated
with the different propulsion modes The purpose 1s also to
provide a possibility of converting overtlow energy from the
exhaust gases to electric energy, that can be used to recharge
the battery 1f required The supercharging device according to
the invention shall be practically applicable on existing inter-
nal combustion engines and 1t shall be possible to propel the

inlet supercharging device with all defined types of propul-
s10n modes.

BRIEF DESCRIPTION OF THE DRAWINGS

Hereinafter the invention will be further described with
reference to schematically shown embodiments.

FI1G. 11s a schematical side view of an internal combustion
engine equipped with a supercharging system according to
the invention,
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FIG. 2 illustrates schematically in block form a principal
lay out for the supercharging system according to the present
imnvention,

FIG. 3 shows schematically 1n a side view an embodiment
of the supercharging system according to the invention, and

FIG. 4 15 a further schematically shown embodiment of the
supercharging system, according to the imvention,

FIG. 5 shows 1n a view resembling to FIG. 1 a modified
embodiment of an internal combustion engine equipped with
a supercharging system according to the invention,

FIGS. 6-16 1illustrate schematically further alternative
embodiments of the supercharging system according to the
ivention.

BRIEF DESCRIPTION OF THE PREFERRED
EMBODIMENT

The proposed solution described 1n the drawing figures
combines a mechanical supercharging system, an electrical
supercharging/regenerating system and an exhaust gas pro-
pelled turbo supercharging system, which are arranged on a
common shaft. This shait in turn 1s connected by means of a
one way clutch unit to the mechanically propelled shatft,
coupled to any engine drive shaft.

FIG. 1 shows schematically an internal combustion engine
1 having an air intake manifold 2, and an exhaust gas mani-
fold 3. In the embodiment schematically illustrated there are
four air intake pipes intimating that the engine has four cyl-
inders, although the number of cylinders can be higher as well
as lower. The engine 1 has a crankshaift 4, which 1s equipped
with a pulley 5.

A supercharging device 6 1s attached directly to the engine
block 1n a similar way that turbocharging systems are
attached today. This turbocharging device 6 incorporates a
turbine 7 and a compressor 8 arranged on a common shait 9,
where the turbine 1s driven by the exhaust gases from the
exhaust gas mamifold 3, and the co-rotating compressor
impeller 8 1s compressing ambient air which 1s sucked 1n via
an air filter 10. The compressed air 1s 1n a duct 11 via an
intercooler 12 and a throttle 13 introduced 1n the air intake
mamifold 2, whereas the exhaust gases after having passed the
turbine are evacuated via an exhaust gas conduit 14 with a
catalyzer 15.

The pulley 5 rotating with the crankshait 4 of the engine,
transfers via a belt drive 16 rotation to a shaft 17, which via a
one way clutch 18, can be coupled to the shaft9, on which the
turbine 7 and the compressor 8 are arranged, thus that the
rotation of the crankshait 4 can be transierred to the shaft 9
common for the compressor and turbine, 1n situations where
the turbine has not reached 1ts working area.

For regeneration of rotary power to electric power, the
common shaft 9 1s connected via a belt drive 19 to an electric
machine 20, a battery or the like. The engine also incorporates
an engine brake valve 21 and a wastegate 22.

For fitting a supercharging device as described to existing,
internal combustion engines 1t 1s of course necessary to
design this device 1n such a way that 1t compiles with existing
power conversion nodes, 1.€. the exhaust gas intake has to be
situated for corresponding to the exhaust manifold outlet and
the mechanically driven power conversion node has to be
located 1n line with existing outputs for auxiliary loads from
the internal combustion engine.

The following technical advantages of the supercharging
device as described can be 1dentified, and which mostly arise
from the possibility to use each separate sub-system in this
concept at its best efficiency interval:
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No, or very low mechanical compressor losses at high
engine speeds.

Regeneration of energy, to electric power, from the super-
charging device, when 1t has its best efficiency.

The compressor shaft may help the turbine to reach its
working area quicker.

One supercharging device, one axis, three different driving,
modes.

No losses due to additional pressurized pipes between
compressor and turbine.

No turbo-lag.

Easy to implement on almost any of today’s existing com-
bustion engines.

Possibility to regenerate overtflow power from the exhaust
gases to electrical power via the electric motor/genera-
tor.

Possible to momentary assist the mechanical supercharg-
ing system by electrical drive 1f needed, 1.e. during very
low engine speeds or to maintain boost pressure during
fast speed transients.

Gains 1n terms of engine room space.

FI1G. 2 1llustrates schematically 1n block form a principal
lay out for the supercharging system according to the present
invention, 1n which 1s shown a turbine 7 and a compressor 8
arranged on a compressor shaft 8a. Viaaclutch 123, which for
instance can be a one way clutch, this compressor shatt 8a can
be connected to and disconnected from a ring 24 forming part
of a planetary gear 25, having planet wheels 26 connected to
a planet wheel carrier and cooperating with a sun wheel 27,
which 1s fitted to a shaft 28 rotatably supported and provided
with a pulley 29, which via a transmission, such as a belt drive
16, 1s connected to a pulley 5 arranged on a drive shaft of the
engine, such as the crankshait 4 thereot, or the like. The planet
wheel carrier 1n turn 1s via a transmission 130, such as a belt
drive, connected to an shaft 131 of an electric motor 132,
which 1s controlled by means of a control electronics device
133.

FIG. 3 and FIG. 4 illustrate schematically two slightly
differing embodiments of the supercharging device according
to the present invention.

Thus, FIG. 3 1llustrates a turbine 7 connected via a shaft 9
to a compressor wheel 8. The shait 9 1s supported in bearings
34, 34a, and carries at its end, remote from the turbine 7 a
pulley 31a, which via a not shown transmission, such as for
instance a belt drive 1s coupled to a not shown generator 1n
order to recover excessive energy from the turbine. In this
embodiment of the supercharging device, the shatt 9 can via
a clutch 18, 23 be connected to and disconnected from a
turther shait 28, whereby the shafts 9, 28 when the clutch 1s 1n
engaged position interconnects the two shaits as a common
axis. this second shatt 28, which 1s supported in a bearing 34
and 1s equipped with a planetary gear 25 for changing up the
speed. Atits opposite side this further shait 28 carries a further
pulley 29, which via a (not shown) transmission, such as a belt
drive, 1s connected to the crankshaift or any other driving shaft
of the combustion engine for driving the compressor 8 before
the turbine has reached 1ts working speed.

In FIG. 4 1s shown another embodiment of a supercharging,
device which 1s slightly different from that as shown 1n FIG.
3.

In this embodiment of a supercharging device according to
the invention there 1s like 1n FIG. 3 provided a shaft 9 carrying,
a turbine 7 and a compressor 8, and which shait 1s journalled
in rolling bearings 34, and plain bearing 34a. The shaft 9 i1s
connected to the ring 24 of a planetary gear 25 which has an
opposite shait 28 coupled to the planet wheels of the planetary
gear 25. At a short distance from the planetary gear the shatt
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28, which forms a continuous axis with the shaft 9, 1s
equipped with a pulley 31a, which via a not shown transmis-
s101m, such as for instance a belt drive 1s coupled to a not shown
generator. After that pulley 31a there 1s provided a further
shaft, which via a clutch 18 can be connected to and discon-
nected from the shaft 28, and this further shatt carries a further
pulley 29, which via a (not shown) transmaission, such as a belt
drive, 1s connected to the crankshaft or any other driving shatt
of the combustion engine.

FIG. 5 shows schematically an embodiment of an internal
combustion engine 1 having an air intake manifold 2 with four
air intake pipes, and an exhaust gas manifold 3, having four
exhaust gas pipes for the four cylinders of the engine. The
engine 1 has a crankshait 4, which 1s equipped with a pulley
5.

Attached to the engine block 1s a supercharging device 6,
incorporating a turbine 7 and a compressor 8 arranged on a
common shait 9. The compressor 8 has a compressor shait 8a
projecting 1n the opposite direction to the common turbine/
compressor shaft 9. The turbine 1s driven by exhaust gases
from the exhaust gas manifold 3, and the impeller of the
co-rotating compressor 8 1s compressing ambient air which 1s
sucked 1n via an air filter 10. The compressed air 1s 1n a duct
11 via an intercooler 12 and a throttle 13 introduced in the air
intake manifold 2, whereas the exhaust gases after having
passed the turbine are evacuated via an exhaust gas conduit 14
with a catalyzer 185.

The pulley 5 rotating with the crankshait 4 of the engine,
transiers via a belt drive 16 rotation to a shaft 17, which via a
clutch unit 18, can be coupled to an electric machine 20,
which in turn 1s coupled to a ring gear wheel 24 of a planetary
gear 25 with planet gear wheels 26 and a sun gear wheel 27
connected to the compressor shaft 8a. In this manner the shait
9, on which the turbine 7 and the compressor 8 are arranged,
thus can transter the rotation of the crankshait 4 to the shatt 9,
in situations where the turbine has not reached its working
area.

The engine also incorporates an engine brake valve 21 and
a wastegate 22. The brake valve 21 1s controlled by way of a
control box 23, which based on different engine behaviour
parameters, will operate for maintaining the rotational speed
of the turbine so high as possible 1n order to avoid dangerous
pressure increase at the exhaust side.

FIGS. 6 to 16 represent alternative versions of the layout of
the supercharging device according to the imvention shown in
schematic form, whereby the schematic representation
according to FIG. 6 1illustrates the main components of the
embodiment according to FIG. 3, 1.¢. the turbine 7 1s driven by
the exhaust gases from the engine 1.

The compressor 8 1s arranged on the same shait as the
turbine 7, and the engine crank shait 4 drives via a transmis-
s1on 16 a pulley which via a freewheel/clutch 18 1s connected
to a shait of an electric machine 20 having a working speed of
about 20000 rpm or more. Between the electric machine 20
and the compressor shait 8 1s provided a planetary gear 25.

The embodiment illustrated 1n F1G. 7 differs to that accord-
ing to FIG. 6 1n that the planetary gear 25 1s positioned nearest
to the clutch 18 and the electric machine 20 1s positioned
outside the clutch 18.

In FIG. 8 1s shown an embodiment wherein the clutch 18 1s
positioned between the crank shait 4 and the transmission 16,
whereas the electric machine 20 1s connected to the ring gear
wheel of the planetary gear 23.

The embodiment shown 1 FIG. 9 corresponds to the
embodiment according to FIG. 7, with the exception that the
electric machine 1s connected to the crank shait 4, via the
clutch 18 and an additional transmission 16a.
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FIG. 10 shows an embodiment where the electric machine
20 1s positioned between the turbine 7 and the clutch 18,
whereas the planetary gear 25 1s positioned between the
clutch 18 and the compressor.

FIG. 11 shows a further alternative embodiment where the >
turbine 7 and the compressor are mterconnected via a plan-
ctary gear 25, whereas the clutch 18 i1s connected between the
crank shait 4 and a transmission 16 driving the electric
machine. In this embodiment the planetary gear thus 1s inte-

gral with the turbo chamber housing.

In FIG. 12 1s illustrated a mechanical embodiment where a
first planetary gear 25 1s positioned between the turbine 7 and
the compressor 8, whereas a second planetary gear 254 and a
clutch 18 are positioned between the engine crank shait and
the electric machine 20.

FIG. 13 illustrates an electromechanic solution, where the
turbine 7 drives a generator 28, which via a high-voltage
connection feeds an electric machine 20. A clutch 18 1s pro-
vided between the electric machine 20 and a pulley for the 20
transmission 16, and between the pulley and a compressor 8
1s provided a planetary gear 25 The rotary speed of the gen-
erator 28 1s preferably about 100 000 rpm, whereas the elec-
tric machine has preferably a rotational speed of about 20 000
rpm. 25

In FI1G. 14 1s 1llustrated how the turbo shaft 9 interconnect-
ing the turbine 7 and the compressor 8 1s positioned 1n a
closed housing with the turbo shaft floating in a magnetic field
The solution 1s equipped with magnetic clutches 30 and gas
seals 31 30

A gear 32 1s provided for transferring power from a first
planetary gear 25 to a second planetary gear 25aq.

FIG. 15 1llustrates a hybrid transmission for high-voltage
with a common shait 9, and a high-speed electric motor
connected directly to the turbine shaft and with a high-voltage 35
battery package 33 and a high-speed, high-voltage electric
machine 2056.

FIG. 16 finally illustrates an embodiment rather like the
one according to FIG. 15, but where the electric motor sur-
rounding the turbine shait i1s connected to any part of the 40
planetary gear and with a voltage of the battery pack 33 of
600V, and the electric machine 20, 20c has a voltage of 600V.

For easier description of the combined operation of this
device the following sub systems are defined.

Turbo Charged System 45

Turbo charging means good efficiency when activated, but
1s dependent on high rotational speed for the exhaust gases to
have enough power to propel the turbine fast enough to build
up substantial intake manifold pressure.

Turbo charging has one major advantage in comparison to 50
all other super charging systems, as it uses overflow energy 1n
the exhaust gases to charge the intake manifold air.

By doing so no extra fuel 1s consumed in order to build up
a good intake manifold pressure. The principle intake mani-
fold pressure as a function of rotational speed has the follow- 55
Ing appearance:

Super charging means increased intake manifold pressure
from low rotational speeds and a proportional increase of
intake manifold pressure coupled to the rotational speed.
Thus at higher rotational speed the efficiency of the super- 60
charger becomes very poor due to high internal friction and
heat losses. The principle intake manifold pressure as a func-
tion of rotational speed has the following appearance:
Electrical Super Charged System

Electrical super charged systems work 1n the same way as 65
mechanically ones but with the advantage that they provide
the possibility to control the intake manifold pressure to a
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given level by providing power when 1t’s needed but also to
regenerate power from the exhaust gases when possible.
Existing Power Electronics Monitoring Systems

Algorithms for energy management are necessary to be
able to regenerate power into the electric system of the
vehicle. Systems for this are already developed in many
vehicles of today. These systems are designed to keep track on
the present auxiliary loads as well as monitoring the battery
status. If there 1s a need for the battery to be recharged and
power 1s available due to the fact that not all auxiliary systems
are used, the system may raise the generator load voltage to
start recharging the system.

The algorithms can be reconfigured so that 1t 1n addition to
there present application also regenerates the power provided
from this supercharging device 1nto electric power when the
battery 1s not fully charged. By doing so for example during
high-way driving the electric system would be better prepared
for start-stop applications where a fully charged battery is
essential for a good start-stop operation.

In order to decide how and when the electric machine
should act new algorithms are needed to support the regener-
ating mode. By using existing hardware already in produc-
tion, such as rpm-sensors, pressure and flow sensors together
with modifications of existing electric monitoring systems,
this could be done.

Power Split and Defined Propulsion Modes

In order to clarity the different propulsion modes of this
new invention the following power conversion nodes have
been defined:

A: Chemical power (flow, pressure)=>Mechanical power (ro-
tational speed, Torque)

B: Mechanical power (rotational speed, Torque)=>Chemical
power (flow, pressure)

C: Generative: Electrical power (I, U)=>Mechanical power

(rotational speed, Torque)

Regenerative: Mechanical power (rotational speed,

Torque)=>Electrical power (I, U).

SUMMARY

This mvention provides a relatively easy way of reducing
over all fuel consumption by combining already existing sys-
tems 1n a new way. I1 this invention could be combined on an
engine equipped with a start-stop system this would further
“boost” this system as well by increasing the amount of times
one can start the engine before the electronic monitoring
system (CEM) has to step 1 and shut down the start-stop
application to avoid battery depletion.

The invention 1s not limited to the embodiments schemati-
cally 1llustrated 1n the drawings and described with reference
thereto, but variants and modifications are possible within the
scope of the appended claims.

The transmissions described have been illustrated as belt
drives, but any type of appropriate transmission units can be
used. The clutch units mentioned can be mechanical one way
clutches of any approprate type, although electric clutches,
viscous couplings and the like are also possible.

The mnvention claimed 1s:
1. A supercharging system for an internal combustion
engine, comprising:

a turbocharging device with a turbine and a compressor,
said compressor being arranged on a compressor shait;

a planetary gear set coupled to said compressor shait and a
drive shatt, the planetary gear set comprising a sun gear,
planet gear wheels, and a ring gear wheel;
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a clutch unit;

a power transmission for connecting a crankshait of the
combustion engine to said drive shatt via the clutch unit;
and

an electric motor/generator connected to said drive shaft,

wherein the planetary gear set 1s located between the elec-
tric motor/generator and the compressor shatt,

wherein the supercharging system delivers compressed air
to the internal combustion engine during engine opera-
tion,

wherein said compressor shait 1s connected to the sun gear
of said planetary gear set, and

wherein said drive shaftt 1s connected to the ring gear wheel
of said planetary gear set.

2. The supercharging system according to claim 1, wherein

said clutch unit 1s a freewheel clutch unat.

3. The supercharging system according to claim 2, wherein
said drive shait forms a drive shait of said electric motor/
generator.

4. The supercharging system according to claim 1,
wherein,

said turbine and said compressor are arranged along a
common axis with an inlet of the turbine subjected to
exhaust gases, the exhaust gases causing a wheel of the
turbine to rotate and thereby cause an impeller of the
compressor to rotate at the speed of the turbine wheel,
thereby compressing ambient air for delivery to an
engine air intake, and

the power transmission connecting the crankshaift to said
drive shaft functions as a driving device for transierring
rotation to the common axis associated with the com-
pressor before the turbine has reached a lowest working
area.

5. The supercharging system as claimed 1n claim 1,

wherein,

the turbine 1s exhaust gas driven,

the electric motor/generator 1s an electric generator, and

the electric generator 1s connected to said drive shaft via a
transmission for regenerating overtlow energy from the
exhaust gas driven turbine 1nto electric power.

6. The supercharging system as claimed in claim 1,
wherein, said planetary gear set 1s arranged axially of the
compressor shait between the electric motor/generator and
the compressor shaft.

7. The supercharging system as claimed 1 claim 1,
wherein, said planetary gear set 1s arranged radially-circum-
ferentially of the compressor shaft between the electric
motor/generator and the compressor shait.

8. An internal combustion engine, comprising:

an air intake manifold for supply of combustion air to at
least one combustion chamber:;

an exhaust manifold for discharge of exhaust gases from
the at least one combustion chamber;

a supercharging system including:

1) a turbocharging device with a turbine wheel and a com-
pressor, said turbine wheel and compressor being
arranged along a common shatft,

11) a planetary gear set coupled to said common shaft and to
a drive shaft, the planetary gear set comprising a sun
gear, planet gear wheels, and a ring gear wheel, and

111) an electric motor/generator connected to said drive
shatt, wherein,

a turbine 1inlet 1s connected to the exhaust manifold for
being subjected to exhaust gases, causing the turbine
wheel to rotate and thereby, via the common shaft, caus-
ing an 1impeller of the compressor to rotate at the speed of
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the turbine wheel, thereby compressing ambient air for
delivery to the engine air intake manifold; and

a rotating engine drive shait, wherein said rotating engine
drive shalt, via a transmission, 1S connectable via a
clutch unit to said drive shait for transier of rotation
force for driving the compressor before the turbine has
reached a lowest working area,

wherein the supercharging system delivers compressed air
to the internal combustion engine during engine opera-
tion,

wherein the planetary gear set 1s located between the elec-
tric motor/generator and the compressor shaft,

wherein said compressor shaft 1s connected to the sun gear
of said planetary gear set, and

wherein said drive shait 1s connected to the ring gear wheel

of said planetary gear set.

9. The internal combustion engine according to claim 8,
wherein the transmission 1s a belt drive.

10. The internal combustion engine according to claim 8,
wherein the common shaft 1s constituted by individually
rotatable aligned shaits, which aligned are interconnectable
by the clutch unait.

11. The internal combustion engine according to claim 10,
wherein one of said interconnectable aligned shatts 1s pro-
vided with a transmission coupled to the electric motor/gen-
erator for regenerating overtlow energy from the turbine nto
clectric power.

12. The supercharging system as claimed i claim 8,
wherein, said planetary gear set 1s arranged axially of the
compressor shaft between the electric motor/generator and
the compressor shaft.

13. The supercharging system as claimed in claim 8,
wherein, said planetary gear set 1s arranged radially-circum-
ferentially of the compressor shaft between the electric
motor/generator and the compressor shatt.

14. A supercharging system for an internal combustion
engine, comprising:

an exhaust gas propelled turbo supercharging system:;

a mechanical supercharging system; and

an electrical supercharging/regenerating system, wherein,

said exhaust gas propelled turbo supercharging system

includes a turbine and a compressor, said compressor
being arranged on a compressor shaft,
said mechanical supercharging system couples a crank
shaft of the engine to said compressor,
said electrical supercharging/regenerating system couples
an electric motor/generator to said compressor,
said exhaust gas propelled turbo supercharging system,
mechanical supercharging system, and electrical super-
charging/regenerating system are arranged on a com-
mon axis mcluding said compressor shaft and a drive
shaft,

said compressor shaft and said drive shaft 1s connected via
a planetary gear set, the planetary gear set comprising a
sun gear, planet gear wheels, and a ring gear wheel,
said electric motor/generator 1s connected to said drive
shaft,

a power transmission connects a crankshaift of the internal
combustion engine to said drive shaft via a clutch unit,

wherein the supercharging system delivers compressed air
to the internal combustion engine during engine opera-
tion,

wherein the planetary gear set 1s located between the elec-
tric motor/generator and the compressor shatt,

wherein said compressor shaft 1s connected to the sun gear
of said planetary gear set, and
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wherein said drive shait 1s connected to the ring gear wheel
of said planetary gear set.
15. The supercharging system according to claim 14,
wherein said clutch unit 1s a freewheel clutch unait.
16. The supercharging system according to claim 14,
wherein said drive shaft forms a drive shaft of said electric

motor/generator.
17. The supercharging system according to claim 14,

wherein,
said turbine and said compressor are arranged along a
common axis with an inlet of the turbine subjected to
exhaust gases, the exhaust gases causing a wheel of the

turbine to rotate and thereby cause an impellor of the
compressor to rotate at the speed of the turbine wheel,
thereby compressing ambient air for delivery to an
engine air intake, and

the power transmission connecting the crankshaift to said
drive shaft functions as a driving device for transferring
rotation to the common axis associated with the com-
pressor before the turbine has reached a lowest working
area.
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18. The supercharging system as claimed in claim 14,
wherein,

the turbine 1s exhaust gas driven,
the electric motor/generator 1s an electric generator, and

the electric generator 1s connected to said drive shait via a
transmission for regenerating overflow energy from the
exhaust gas driven turbine 1nto electric power.

19. The supercharging system as claimed in claim 14,
wherein the common axis 1s subdivided into aligned shatts,
which shaits are interconnectable by the clutch unit.

20. The supercharging system as claimed in claim 14,
wherein, said planetary gear set 1s arranged axially of the
compressor shaft between the electric motor/generator and
the compressor shaft.

21. The supercharging system as claimed in claim 14,
wherein, said planetary gear set 1s arranged radially-circum-
ferentially of the compressor shaft between the electric
motor/generator and the compressor shatt.

G o e = x
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